Introduction: We aimed to evaluate the risk factors of acute urinary retention (AUR) following robot-assisted radical prostatectomy (RARP), as well as the relationship of AUR with early continence outcomes. Methods: The records of 740 consecutive patients who underwent RARP by two experienced surgeons at our institution were retrospectively reviewed from a prospectively collected database. Multiple factors, including age, body mass index (BMI), international prostate symptom score (IPSS), prostate volume, presence of median lobe, nerve preservation status, anastomosis time, and catheter removal time (Day 4 vs. 7), were evaluated as risk factors for AUR using univariate and multivariate analysis. The relation between AUR and early return of continence (one and three months) post-RARP was also evaluated. Results: The incidence of clinically significant vesico-urethral anastomotic (VUA) leak and AUR following catheter removal were 0.9% and 2.2% (17/740), respectively. In men who developed AUR, there was no significant relationship with regards to age, BMI, IPSS, prostatic volume, median lobe, nerve preservation, or anastomosis time; however, the incidence of AUR was significantly higher for men with catheter removal at Day 4 (4.5% [16/351]) vs. Day 7 (0.2% [1/389]) (p=0.004). Moreover, patients with early removal of the catheter (Day 4) who developed AUR had an earlier one-month return of 0-pad continence 87.5% (14/16) compared to patients without AUR 45.6% (153/335), with no significant difference at three months. Conclusions: While AUR is an uncommon complication of RARP, its incidence is much higher than VUA leakage. Further, it is often not well-discussed during patient counselling preoperatively. Moreover, earlier return of urinary continence was observed in patients experiencing AUR following RARP exclusively with catheter removal at Day 4. Future studies are warranted to validate the long-term impact of AUR on continence outcomes.
Introduction
Robot assisted radical prostatectomy (RARP) has emerged as the dominant surgical procedure for men with localized prostate cancer. In 2010, nearly 80% of all prostatectomies in the USA were performed with robotic assistance. 1 RARP has been found to be independently associated with less blood loss, shorter length of catheterization, and hospital stay when compared with traditional retropubic radical prostatectomy (RRP). 2, 3 Although leaving a temporary indwelling catheter is standard practice after radical prostatectomy to allow anastomotic healing, urinary catheterization represents a source of infection, significant discomfort, and anxiety for the patient following radical prostatectomy. 4 However, its placement for 7-14 days helps to avoid unwanted anastamotic urinary leakage and possible retention due to edema. The optimal time of catheter removal to avoid vesico-urethral anastomosis (VUA) leakage and prevent retention is unknown. However, several studies have demonstrated higher incidence of AUR with early removal of the catheter resulting in catheter replacement and longer catheterization time. 5 Most experiences report Foley removal on days 5-7.
Moreover, following radical prostatectomy, urinary incontinence is one of the most common and bothersome side effects following prostatectomy. 6 The pathophysiology of urinary incontinence after RARP is multifactorial including bladder neck dysfunction, detrusor instability, decreased compliance, external sphincter damage, and injury to the pelvic diaphragm and its innervation. 7 The impact of Foley duration and its impact on long term urinary continence have not been well studied.
As such, we sought to evaluate the risk factors of AUR following RARP including the timing of catheter removal, and to study the relationship of urinary retention on continence outcomes. To the best of our knowledge, this is the first study to evaluate a relation between AUR and early urinary control following RARP.
Methods
A total of 740 men from a prospectively collected database with clinically localized prostate cancer who underwent RARP between 2006 and 2014 at our institute were retrospectively reviewed. Institutional-review board approval was obtained for the study. All RARPs were performed by one of 2 robotic fellowship-trained surgeons as per our described surgical technique. [8] [9] [10] Men with previous prostate surgery, previous pelvic radiotherapy or neo-adjuvant chemotherapy were excluded. Patient and perioperative data were evaluated, particularly the speculated risk factors for AUR, including: age, body mass index (BMI), international prostatic symptom score (IPSS), prostate volume, presence of median lobe, nerve preservation, VUA surgical time, and catheter removal date were collected and reviewed. Urinary catheter removal was performed without a cystogram at postoperative day 4 in 351 men (surgeon 1) while the remaining 389 men had the removal at day 7 postoperatively (surgeon 2). In event of AUR or anastomotic leakage, a14Fr or 16Fr Foley catheter was reinserted by a heath care provider or a medical nurse without cystoscopic guidance, and the patient was instructed to keep the catheter for 3-7 days to allow the VUA edema to resolve.
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Alnazari et al Risk of urinary retention after RARP Risk factors for urinary retention were evaluated by univariate and multivariate analysis using logistic regression models, taking retention as the response variable and predictors of retention mentioned above as response variables. In the group of patients who were found to have higher incidence of AUR (Day 4), continence at 1 and 3 months was compared between patients who had AUR versus patients who did not have AUR (exclusively inside this group). Continence was measured by the number of pads per 24 hours, considered as a categorical variable and divided to 4 categories: 0, 1 security, 1 pad, 2 or more pads. Continence was defined as 0 pads per 24 hours. Categories were compared using Chi-square test and Fisher exact test for categorical variables.
Results
Overall patient demographics and pathological features are summarized in table 1. Among the 740 included RARP men, only 16 patients (2.2%) developed AUR after removal of the urinary catheter. All were managed with re-catheterization for an additional 3-7 days to allow for VUA edema resolution. No patient developed a second episode of retention. Moreover, 7 men (0.9%) developed anastomotic leakage several days after removal of the catheter and the diagnosis was confirmed by cystogram. All such men were successfully managed with re-insertion of a urinary catheter, antibiotics and other conservative measures. Long-term assessment revealed that 3 patients (0.4%) developed bladder neck contracture (2 patients at 6 months and 1 patient at 4 months following RARP) and managed with a single endoscopic bladder neck incision. No patient with VUA urinary leakage or bladder neck contracture had AUR following the surgery. As previously noted, the urinary catheter was removed in 351 and 389 men at day 4 and 7 respectively. Immediate AUR was observed in 4.5 % (16 patients) and 0.2% (1 patient) in each group. This observation was also a statistically significant risk factor for he development of AUR in both univariate (p=0.004) and multivariate analysis (p=0.003). Other variables including patientrelated factors (age, BMI, prostate transrectal volume, preoperative IPSS, and presence of a median lobe) and surgery-related factors (specifically VUA anastomosis time, intraoperative anastomotic leakage, and nerve preservation) were also analyzed as risk factors for the development of AUR post RARP with no statistically significant difference (P<0.05 for all) ( Table  2,3) .
With regards to short-term urinary continence outcomes following RARP, men who experienced AUR had a favorable outcome during the first month (table 4). More specifically, 0-pad continence rate was significantly higher (p value: 0.0142) at 1 month in patients with AUR (88% vs 47%; p=0.01). However, no significant continence differences were observed at 3months (all p>0.05).
Discussion
The evolution of minimally invasive techniques for the treatment of prostate cancer has seen a substantial evolution over the recent decade with the introduction of robotic assistance. Reduced morbidity including a decrease in hospitalization, convalescence time, catheterization time, bladder neck contracture, leakage rate, blood loss and transfusion rate are likely factors at play.
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Alnazari et al Risk of urinary retention after RARP related outcomes are noted to be improved with RARP, including urinary continence, VUA leak and bladder neck contracture. 15, 16 In previous RRP series, catheter replacement was most often related to VUA urinary leakage and urinoma. In the current series, consistent with other large, high-volume RARP series, AUR (2.2%) was a more common adverse event when compared to VUA leakage (0.9%). Improvements in tissue reconstruction with robotics including less tissue handling, avoidance of mucosa eversion, continuous suture technique combined with posterior reconstruction are contributing factors to improved VUA.
AUR is uncommon but poorly understood complication of RARP. Patel et al reported that postoperative anastomotic edema, postoperative pain, and increased bladder neck smooth muscle tone as possible etiologies of AUR following laparoscopic radical prostatectomy.P 4 P AUR also might be a predictor of subsequent future urethral stricture and bladder neck contracture (BNC), as some investigators observed significant incidence (3.6%) of urethral stricture in 44 patients whom developed AUR in a 1,289 series of patients following radical prostatectomy.P
17

P
This was not observed in our series. In addition, the management of AUR requires reinsertion of an indwelling catheter, which impacts patient quality of life, increases the rate infection and bladder irritative symptoms.P Upon a review of the published literature, the incidence of AUR following radical prostatectomy (RRP, LRP, and RARP) varies considerably between 2-21%. Table 5 summarizes large volume series for all 3 surgical approaches. In our current retrospective review of 740 patients, AUR occurred in 2.2% of the patients, which is comparable to large series of RARP. Even with the meta-analysis by Ficarra et al, the incidence of AUR is <1% in large RARP published series.P 18 P Moreover, there was no patient or surgery-related factor identified to be a significant predictor for the development of AUR except for the duration of catheterization. The optimal catheterization time after radical prostatectomy is unknown and its relation to the development of AUR is debated.
Traditionally, urinary catheter removal after RRP has been performed between 10 and 21 days postoperatively without strong, supportive evidence.P
19-21
P
Lepor et al reported that removal of the catheter on post-operative day 7 is both feasible and desirable after excluding extravasation by a cystogram following RRP.P 22 P Patel et al reported significant higher incidence of AUR (19%) when the catheter was removed at day 3 or 4 compared to 3% at day 7 following RRP.P 4 P Another recent study done on 1026 patients who underwent RARP concluded that although early removal of the catheter (day 4 or 3) had no increase in the rate of anastomotic leak it carries higher risk of AUR compared to catheter removal at 5 days or more.P at day 4 (3%) or later (3%) following RRP, but noticed better continence rate and less anastomotic stricture rate with earlier removal of the catheter. 24 With regards to RARP, a dedicated study performed on 74 men following RARP observed that the rate of AUR developed in 11% of patients had their catheter removed 2 days after the surgery vs 8% when the catheter was left till day 6 with no significant statistical difference. 25 This reflects on the time related resolution of the VUA edema, particularly with the Van Velthoven continuous suture closure. Additionally, other investigators consider early removal of the catheter as a predictive factor for development of AUR.
In the current study, the timing of removal of the urinary catheter was the only significant factor for development of AUR on both univariate and multivariate analysis. The rate of AUR in patients whose catheters were removed at day 4 and those whose catheters were removed at day 7 was 4.5% and 0.2%, respectively. Our anastomotic leak rate was 0.9% while most of the patients with leak (71%(5/7)) had their catheter removed at day 4. In case of development of AUR some investigators advised to reinsert the urinary catheter under cystoscopic guidance because of the potential risk of disruption of the vesicourethral anastomosis (VUA) and bladder neck reconstruction. 4 We believe that the utilization of robotic technology in prostatectomy has led to a better visualization and integrity of the VUA as all patients whom developed AUR in our series where treated with recatheterization on the word or emergency department with no difficulty and without the need of any adjuncts. None of the cases needed a urological input, and no one of the patients with AUR developed leak or another episode of AUR. With regards to impact on urinary control and long-term continence, there are few studies, which have addressed this relationship. Gratzke et al reported no significant difference with regard to early continence rate if the catheter was removed on day 2 or 6 following RARP using international consultation on incontinence Questionnaire-Male lower urinary tract symptoms long form (ICIQ MLUTS LF). On the other hand, some investigators observed higher continence rate at 3, 9, and 12 month following RRP in favor of patients with earlier removal of catheter at day 4 compared to later than day 4 by using the number of pads/24 h as an indicator for continence level. 24, 25 Another study included 113 men who underwent LRP and divided them into 2 groups based on the timing of catheter removal (day 2 vs 4) following the surgery. There was no significant difference in the incidence of AUR between the two groups, but continence rate was significantly lower with earlier removal of catheter. Urinary incontinence was measured using the urine loss ratio (ULR) and showed that patients with AUR with catheter removal at day 2 showed lower continence when compared to patients with catheter removal at day 4. Multivariate analysis identified AUR after catheter removal on day 2 as the only predictive factor for incontinence at 6 and 9 months after LRP (OD 4.472, P = 0.03). 26 Meanwhile, in our series, AUR was found to have a positive effect on continence rate at 1 month with no significant impact at 3 months. Despite its merits, our study has number of limitations worthy of mention. These include the single institution, retrospective nature of the study. Moreover, the measurement of continence rate was dependent on patients' reports with lacking of objective tests. However all data was obtained prospectively into an IRB-approved database. Despite these limitations we believe that our results
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Conclusion
AUR is an uncommon complication of RARP and is often not well highlighted during patient counseling. However, it appears that its incidence is much higher than VUA urinary leakage/extravasation. Early removal of the urinary catheter following the surgery at day 4 carries a higher risk of AUR when compared to day 7. Moreover, development of AUR has a positive effect on early continence rate only in patients with early catheter removal at day 4 post RARP. Further studies with longer follow up are required to evaluate the effect on the long-term outcomes of continence. 
